Introduction
Marine biofouling is a continual problem for the shipping industry (Banerjee et al. 2011) .
Biofouling leads to an increase in roughness and drag on ships' hulls with subsequent loss of range and speed (Schultz 2007) . Fuel consumption may account for up to 60% of a ship's operating costs and may increase by up to 40% in just six months on a ship without any treatment to minimize fouling (Schultz et al. 2011) . Escalation in the production of greenhouse gases (through increased fuel consumption), corrosion, and the onset of cavitation also result from marine biofouling (Jack 1999; Atlar et al. 2011 ).
Antifouling (AF) paints containing metal complexes and/or biocides are currently used to combat marine biofouling, but raise concerns for environmental damage through leaching of metals or biocides (Borghi and Porte 2002; Chambers et al. 2006; Almeda et al. 2007 ). The recent development of fouling-release (FR) coatings to facilitate the removal of fouling organisms via water flow or cleaning, provides a more environmentally benign approach to reduce the effects of biofouling (Rosenhahn et al. 2010) . FR technology largely relies on the use of silicone elastomers with low surface energy and modulus, properties that favor the release of fouling organisms (Baier et al. 1968; Pagliaro et al. 2009; Detty et al. 2014) . The use of FR coatings to combat biofouling on immersed surfaces is limited by the fact that fouling is removed only in the presence of hydrodynamic shear or through regular cleaning (Lejars et al. 2012; Sokolova et al. 2012; Detty et al. 2014) .
Coatings with the ability to generate materials in situ, either to discourage settlement or to minimize adhesion of biofouling organisms from reagents naturally present in seawater, represent one approach to combine the benefits of both AF and FR technologies (McMaster et al. 2009; Natalio et al. 2012; Ciriminna et al. 2015) . The oxidation of halide salts with H 2 O 2 found 3 in the aquatic environment can produce hypohalous acids in situ. The hypohalous acids have known biocidal effects (Williams and Schroeder 2004; Drabkova 2007 ) and discourage settlement of some species when generated in situ (McMaster et al. 2009; Natalio et al. 2012) .
Hydrogen peroxide thermodynamically can oxidize chloride, bromide, and iodide. For chloride and bromide, these reactions are kinetically slow (Mohammad and Liebhafsky 1934) .
Hydrogen peroxide is found in the open ocean at concentrations up to 0.2 μM (Yuan and Shiller 2001) and can approach 50 μM in ports fed by rain water (Willey et al. 1999; Yuan and Shiller 2000) or by runoff (Clark et al. 2008 ). Hydrogen peroxide is also formed by photochemical decomposition of organic matter near the water surface (Cooper and Zika 1983) and can be produced by bacteria in the biofilm on submerged surfaces, approaching concentrations of 50 μM (Le Bozek et al. 2001) . The ambient H 2 O 2 can react with chloride (0.5 M), bromide (mM), and iodide (μM) present in seawater to produce low concentrations of hypohalous acid. The AF characteristics of a coating can be improved through the use of a coating-sequestered catalyst to activate H 2 O 2 to increase the production of hypohalous acids at the surface generating a chemical deterrent for settlement of marine fouling organisms (McMaster et al. 2009; Natalio et al. 2012) .
Sol-gel-derived xerogel coatings based on amorphous silica have shown promise as FR coatings (Sokolova et al. 2012; Sokolova et al. 2012a; Evariste et al. 2013 ) and have been modified to incorporate organochalcogenide catalysts for the activation of H 2 O 2 (McMaster et al. 2009; Gatley et al. 2015) . While they have shown some promise as AF coatings (McMaster et al. 2009 ), the FR characteristics of the surface are modified by the presence of the organochalcogen catalyst and FR characteristics may actually be reduced. Incorporating the catalytic site for activation of H 2 O 2 as part of the inorganic matrix of the xerogel rather than in the organic 4 modifications imparting FR properties may lead to improved AF/FR characteristics of the surfaces.
The grafting of transition metals to mesoporous silica has provided an array of catalysts for the oxidation of halide salts with H 2 O 2 (Walker et al. 1997) . Oxidation of chloride with titanium grafted onto mesoporous silica was observed at pH 4 but not at pH 6.5 or higher, while oxidation of bromide with H 2 O 2 was observed over the pH range 4-8. Oxidation of bromide with H 2 O 2 has been observed with several grafted metals on silica in the reactivity order W > Mo > Ti > Zr > V > Re (Morey et al. 2000) . Though the grafting of transition metals onto mesoporous silica does not present a practical approach to AF/FR coatings covering large surface areas, it does illustrate the potential of incorporating transition metal oxides into xerogel surfaces.
Herein, we describe the preparation of xerogel coatings via the sol-gel process that incorporate titanium tetraisopropoxide (TTIP) as part of the inorganic matrix and the AF/FR characteristics of these coatings toward zoospores and sporelings of the marine alga Ulva linza.
The characterization of these surfaces by contact-angle analysis, scanning electron microscopy (SEM), and X-ray photoelectron spectroscopy (XPS) is also described. Importantly, the Ticontaining xerogels catalyze the oxidation of both chloride and bromide with H 2 O 2 to produce the corresponding hypohalous acids at pH 8, which is the pH of seawater.
Materials and methods

Chemicals, Reagents, and Materials
Deionized (DI) water was prepared to a specific resistivity of at least 18 MΩ using a Barnstead NANOpure Diamond UV ultrapure water system. Tetraethoxy orthosilicate (TEOS) and noctyltriethoxysilane (C8) were purchased from Gelest, Inc. and were used as received. Ethanol was purchased from Decon Laboratories. Hydrochloric acid, 2-propanol, and 30% hydrogen In addition to the salts used in the MBL recipe, 1.0 mM of sodium bromide and 1.0 µM of sodium iodide were added to give a more realistic representation of the halide ions present in natural seawater. For algal assays, artificial seawater (ASW) was made from Tropic Marin® salts.
Xerogel composition
Xerogel monoliths were prepared at room temperature. A TEOS monolith was prepared by mixing TEOS (10.0 mmol, 2.23 ml) and EtOH (10.4 mmol, 607 µl) in a glass vial while stirring. Water (13.5 mmol, 243 µl) and HCl (24.6 µl of a 1.0 M solution) were combined in a separate vial and added dropwise to the reaction mixture with stirring. Following addition of acid, the monolith was left stirring open to the atmosphere, at ambient temperature until gel formation was observed and all solvent had evaporated. The xerogel was then dried under reduced pressure for 48 h at ambient temperature, and then crushed using mortar and pestle.
The TTIP/TEOS monolith was prepared following the TEOS protocol using TTIP (2.00 mmol, 0.592 ml) and TEOS (8.00 mmol, 1.79 ml) in the initial step (20:80 molar ratio of TTIP to TEOS). The C8/TEOS monolith was prepared following the TEOS protocol using C8 (4.00 mmol, 1.26 ml) and TEOS (6.00 mmol, 1.34 ml; a 40:60 molar ratio of TTIP to TEOS). The 6 TTIP/C8/TEOS monolith was prepared following the TEOS protocol using TTIP (2.00 mmol, 0.592 ml), C8 (4.00 mmol, 1.26 ml) and TEOS (4.00 mmol, 893 µl; a 20:40:40 molar ratio of TTIP, C8, and TEOS).
Sols for spin coating were prepared at ambient temperature. A TEOS sol was prepared from H 2 O (8.00 mmol, 144 µl) and acetic acid (4.00 mmol, 229 µl) in isopropanol (7.96 mL) and adding this solution dropwise to stirring TEOS (4.46 mL, 20.0 mmol). The resulting sol was capped and stirred for 24 h prior to coating. The TTIP/TEOS sol was prepared following the TEOS protocol using TTIP (4.00 mmol, 1.18 ml) and TEOS (16.0 mmol, 3.57 ml). The C8/TEOS sol was prepared following the TEOS protocol using C8 (8.00 mmol, 2.53 ml) and TEOS (12.0 mmol, 2.68 ml). The TTIP/C8/TEOS sol was prepared following the TEOS protocol using TTIP (4.00 mmol, 1.18 ml), C8 (8.00 mmol, 2.53 ml), and TEOS (8.00 mmol, 1.79 ml).
Xerogel films were formed as described by Bennett et al. (2010) by spin-casting 400 µl of the sol precursor onto pre-cleaned 25 mm × 75 mm glass microscope slides. Slides were cleaned by soaking in 'piranha solution' (1:4 30% H 2 O 2 : concentrated H 2 SO 4 ) for 24 h, rinsed with copious quantities of DI water, soaked in isopropanol for at least 15 min, and were air dried immediately prior to coating. A spin coater [Specialty Coating Systems, Inc., model P6700] was used at 100 rpm for 10 s to deliver the sol and at 3000 rpm for 30 s to coat. All coated surfaces were dried at ambient temperature for at least seven days prior to analysis of the surface properties.
Characteristics of xerogel coatings: contact angles and surface energies pre-and postimmersion
Xerogel films were stored in air prior to measurement of static contact angles for the surface.
Slides were then immersed in ASW for 24 h followed by 1 h in DI water to remove salts. The coatings were then allowed to dry under ambient conditions for 3 h before contact angles were 7 remeasured. Static water contact angles (θ Ws ) and static diiodomethane contact angles [θ (CH2I2)s ]
were measured on a 15 μl drop of fluid on the xerogel surface with a contact angle goniometer [ramé-hart, Model NRL 100]; both sides of the droplet profile were measured. Contact angles measured with water and diiodomethane were treated as described by Owens and Wendt (1969) to give total surface energy (Baier and Meyer 1992) as compiled in Table 1 .
Characteristics of xerogel coatings: scanning electron microscopy (SEM)
Scanning electron micrographs were recorded using an Hitachi model SU-70 field emission-SEM with a zirconium oxide/tungsten Schottky electron emission source operating at 5 kV acceleration voltage, three state electromagnetic lens system, octapole electromagnetic type stigmator coil, two-state electromagnetic deflection type scanning coil, Everhart Thornly secondary electron detectors, and SEM Data Manager software 1.0.
Characteristics of xerogel coatings: X-ray photoelectron spectroscopy pre-and post-immersion
The xerogel coatings were also examined by X-ray photoelectron spectroscopy (XPS), pre-and Curve fitting was performed with PHI MultiPak™ Software Version 8.
A coated slide was cut into 1 cm × 1 cm samples using a diamond-tipped glass cutter. Initial analysis of the coating was performed on a dry sample that had been stored open to air. After dry analysis, the same sample was submersed for 24 h in DI water or in DI water with 200 µM 8 H 2 O 2 . Following the soaking procedure, the sample was rinsed in DI water and air-dried at ambient conditions for 15 h to ensure all water had evaporated off the coating prior to introduction to the high vacuum chamber of the instrument. While the air-drying step of the pretreatment may reverse changes to the coating caused by immersion, a dry coating is required for the high vacuum conditions of XPS. The composition of the surface, which is dry but previously immersed, corresponds to a kinetically trapped condition rather than the thermodynamic equilibrium state when in contact with water, as the recovery from immersion is slow for xerogel films (Martinelli et al. 2008; Evariste et al. 2013 ).
Kinetic Studies of halogenation reactions with xerogel monoliths
The halogenation of 4-pentenoic acid was monitored by 1 H NMR spectroscopy using previously described techniques Gatley et al. 2015) . Bromination of 4-pentenoic acid (1) gave 5-(bromomethyl)dihydrofuran-2(3H)-one (3a, Scheme 1) with spectral characteristics matching those previously reported , Gatley et al. 2015 . Chlorination of 1 gave 5-(chloromethyl)dihydrofuran-2(3H)-one (3b, Scheme 1) with spectral characteristics matching those previously reported (Genovese et al. 2010 ).
Kinetic studies of halogenation reactions on xerogel-coated glass cuvettes
A 1 cm × 1 cm glass cuvette was cleaned by soaking in 'piranha solution' (1:4 30% H 2 O 2 : concentrated H 2 SO 4 ) for 24 h, rinsing with copious quantities of DI water, soaking in isopropanol for 3 h, and drying in air. A xerogel film was then applied to one side of the cuvette 10 by administering 1.0 ml of the 20:40:40 TTIP:C8:TEOS sol for 60 s, after which the remaining sol was removed. The 'coated cuvette' was dried at ambient temperature for 5 days prior to use.
The halogenation of phenol red was monitored by UV-Vis spectroscopy in the coated cuvette. Phenol red (0.15 µmol, 50 µM final concentration) and H 2 O 2 (0.15 µmol, 50 µM final concentration) were added to 2.8 ml of artificial seawater (0.5 M in chloride, 1.0 mM in bromide, and 1.0 μM in iodide at pH 8) in the coated cuvette. Halogenation of phenol red was monitored over a 24-h period at 298 ± 1 K. The chlorination of phenol red was followed via the incremental addition of chlorine bleach (HOCl) to give the equivalent of 10, 15, 25, 50, 75, 100, and 200 μM HOCl. ). After 45 min in darkness at c. 20 °C, the wells were washed to remove unsettled (i.e. swimming) spores by emptying and refilling with filtered ASW twice. Wells were fixed using 2.5% glutaraldehyde in seawater and the density of zoospores attached to the surface was counted on each of 4 replicate wells using the image analysis system as described above.
Biological Assays
Settlement of zoospores of Ulva linza
Spores were visualized by autofluorescence of chlorophyll. Counts were made using Axiovision 4 software for 10 fields of view (0.15 mm 2 ) on each slide. EC 50 values were determined by graphical interpolation.
Growth and attachment of sporelings of U. linza
Spores were allowed to settle on 6 coated slides for 45 min and then washed as described above.
Spores were cultured using enriched seawater medium (Starr and Zeikus 1987) for 7 days to produce sporelings (young plants). Sporeling growth medium was refreshed every 48 h along with H 2 O 2 as appropriate. Sporeling biomass was determined in situ by measuring the fluorescence of the chlorophyll contained within the sporelings in a Tecan fluorescence plate reader. The relative fluorescence unit (RFU) value for each slide was derived from the mean of 70 point fluorescence readings taken from the central portion of each slide. The strength of attachment of sporelings was assessed using an impact pressure of 30 kPa from a water jet (Aldred et al. 2010) . Biomass remaining was determined using the fluorescence plate reader (as 12 above). Percentage removal was calculated from readings taken before and after exposure to the water jet.
Growth of sporelings of U. linza in the presence of sodium hypochlorite
The sodium hypochlorite solution was diluted in seawater (nutrient supplemented) to produce a range of dilutions in 24-well plates, to which spores were added (suspension of 3.33 x 10 5 spore ml -1 ). Four replicate wells of each concentration were prepared. The plates were incubated for 7 d in an illuminated chamber at 18 °C. Biomass was quantified as chlorophyll, which was extracted in dimethyl sulfoxide (DMSO). Plates were then incubated in darkness for 1 h to ensure the chlorophyll in the sporelings had been extracted. The fluorescence of the samples was read in a Tecan fluorescence plate reader. EC 50 values were determined by graphical interpolation.
Data analysis and statistics
For biological assays on coated slides, statistical significance was assessed using one-way ANOVA and a post-hoc multiple pairwise comparison using the Tukey test with a significance level of 0.05. The Student's t-test was used for pair-wise comparisons of independent samples with respect to physicochemical characteristics of surfaces with one nominal variable and one measurement variable. A p value <0.05 was considered significant.
Results
Characterization of surfaces: appearance and optical transparency
TEOS, TTIP/TEOS, C8/TEOS and TTIP/C8/TEOS sols were cast via spin-coating onto glass slides to give colorless, transparent coatings. Sols can also be applied to larger surfaces via dipcoating or brushing. Surfaces are uniform in appearance via all modes of coating.
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Characterization of surfaces: contact angles and surface energies
Static water contact angles,  Ws° and static diiodomethane contact angles,  (CH2I2)s° (Table 1) were measured for all xerogel surfaces described in this study pre-and post-immersion in ASW.
Contact angles measured with water and diiodomethane were treated as described by Owens and Wendt (1969) to give total surface energy (γ S ) (Baier and Meyer 1992) for the xerogel surfaces of this study pre-and post-immersion in ASW (Table 1) .
Prior to immersion, the TEOS and the TTIP/TEOS xerogel coatings had comparable values of θ Ws°, (44° and 45°, respectively, Table 1 ) and γ S (56 and 57 mN m Table 2 . As shown in Figure 3a for the TEOS-only, TTIP/TEOS, and TTIP/C8/TEOS xerogels, pseudo-first-order behavior was observed for the loss of 1 with concomitant formation of 2a and ] was 14-fold faster (Table 2) .
As shown in Figure 4b , TTIP/C8/TEOS catalyzed the oxidation of bromide with H 2 O 2 at pH 8. The rate was 2-fold faster at pH 8 than the control reaction with the TEOS monolith as catalyst (Table 3 ).
Oxidation of chloride with H 2 O 2 catalyzed by xerogel monoliths
Oxidation of chloride was slower at 298 ± 1 K and utilized higher concentrations of halide (2.7 M NaCl) and H 2 O 2 (0.68 M) and a 60 mole-% in Ti loading of the TTIP/TEOS and TTIP/C8/TEOS xerogels. As shown in Figure 3c , pseudo-first-order behavior was observed for (Table 2) .
As shown in Figure 3d , the TTIP/C8/TEOS xerogel catalyzed the chlorination of 1 with NaCl (2.7 M) and H 2 O 2 (0.68 M) at pH 8.0. The Ti-containing xerogel gave a 20-fold increase in rate relative to the Ti-free TEOS xerogel.
Oxidation of halide salts with H 2 O 2 in ASW
The halogenation of 4-pentenoic acid (1) 
Settlement of zoospores of U. linza
The 50:50 C8/TEOS xerogel, used as a control xerogel surface in previous studies (Bennett et al. 2010; Gunari et al. 2011; Sokolova et al. 2012; Sokolova et al. 2012a) The strength of attachment of 7-day-old sporelings was assessed using an impact pressure of 30 kPa from a water jet (Figure 6b) . One-way analysis of variance F 5, 30 = 6.7 P < 0.001 and Tukey test showed there was no significant difference in the percentage of sporeling biomass removed from the C8/TEOS control and TTIP/C8/TEOS xerogel in the absence of H 2 O 2 (p = 1.00) However, the addition of 50 μM H 2 O 2 caused a significant increase in the removal of sporeling biomass from the TTIP/C8/TEOS xerogel (50.2%) than from the C8/TEOS control coating (23.9%, p = 0.0011). With 100 μM H 2 O 2 , there was an increase in removal from the C8/TEOS coating resulting in no significant difference between it and TTIP/C8/TEOS xerogel (p = 0.99), which suggested that H 2 O 2 alone was impacting the strength of adhesion.
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Settlement of zoospores of U. linza in the presence of sodium hypochlorite
Zoospores of U. linza were added to sodium hypochlorite diluted in seawater to produce a range of concentrations in 24-well polystyrene plates. Spore settlement data on polystyrene at each concentration are shown in Figure 7a . An EC 50 value for 50% inhibition of zoospore settlement was observed at ≈150 µM sodium hypochlorite.
Growth of sporelings of U. linza in the presence of sodium hypochlorite
Zoospores of U. linza were added to sodium hypochlorite diluted in seawater to produce a range of concentrations in 24-well polystyrene plates. The plates were incubated for 7 d and sporeling biomass was quantified as chlorophyll as shown in Figure 7b . A concentration of ≈200 µM sodium hypochlorite in seawater inhibited sporeling growth by 50%.
Discussion
Sol-gel processed, xerogel materials are readily prepared by the hydrolysis of metal or semimetal alkoxides to give surfaces with tunable characteristics, such as surface functionality, surface area, surface wettability, and surface energy (Brinker & Scherer, 1990; Avnir, 1995; Dave et al. 1995; Ingersoll & Bright, 1997) . The xerogels of this study incorporate mixed titanium and silicon oxides in order to introduce titanium oxide as a catalyst for the activation of been observed with transition metals grafted onto mesoporous silica, but these reactions failed at pH 6.5 or higher (Walker et al. 1997 ). Oxidation of chloride with H 2 O 2 was observed with the TTIP/C8/TEOS xerogel at pH 7.0 and at pH 8.0.
The FR characteristics of xerogel coatings have been improved previously by incorporation of organically-modified trialkoxysilanes into the xerogel framework (Sokolova et al. 2012; Sokolova et al. 2012a; Evariste et al. 2013; Detty et al. 2014 ). The 50:50 C8/TEOS xerogel has shown FR characteristics with juvenile barnacles, algal sporelings, and microalgae (Tang et al. 2005; Sokolova et al. 2012) . The performance of FR coatings is influenced by the inherent surface energy (γ s ) of the coating. For biofouling applications, γ S describes the mechanical work necessary to overcome an organism's adhesion to the surface. In doing so, a new surface is created, and γ S defines the energy required to create a new unit area of surface (mN m , respectively, Table 1 ).
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The TTIP/C8/TEOS coating is colorless and transparent while the scanning electron micrographs of Figure 2 show that the surface is smooth and uncracked -even after 7 days of immersion in ASW. The SEM images of this surface appear quite similar to those reported for the 50:50 C8/TEOS surface (Tang et al. 2005) and again indicate that the substitution of TTIP for TEOS in the xerogel formulations has minimal impact on surface characteristics.
The AF characteristics of the xerogel surface can be improved by replacing TEOS in the xerogel formulation with 20 mole-% TTIP. In the absence of H 2 O 2 , no significant difference was observed in the settlement of zoospores of U. linza on the C8/TEOS xerogel control or on the TTIP/C8/TEOS xerogel surface ( Figure 5 ). In the presence of 50 μM H 2 O 2 , mean zoospore settlement was greatly reduced on the TTIP/C8/TEOS coating (53%) relative to the C8/TEOS coating (11%, Figure 5 ). The difference in settlement between the two surfaces suggests that H 2 O 2 activates the Ti-catalyst, which then discourages settlement of zoospores of U. linza via the oxidation of halide salts on the coating surface to hypohalous acids. Increasing the H 2 O 2 concentration to 100 μM gave a slight additional reduction in settlement on both surfaces.
The halogenation of 1 shown in Figure 3 used concentrations of bromide and chloride much higher than those found in seawater and concentrations of H 2 O 2 1000-fold greater than the 50 µM H 2 O 2 used to discourage zoospore settlement in Figure 5 . The lack of halogenation products from 1 under conditions that discouraged settlement of zoospores of U. linza suggest that hypohalous acids are not being produced in high concentrations in the bulk solution.
Some boundaries for hypohalous acid production by the TTIP/C8/TEOS xerogel surface can be established from the halogenation of phenol red (Figure 4 ). The inset of Figure 4a is a plot of the absorbance at 434 nm following the addition of incremental amounts of HOCl to phenol red.
The slope of that line is 2.31 × 10 Figure 4c , the amount of bleach produced is equivalent to ≤ 5 μM for an initial concentration of bleach (or ≤ 0.2 nmol/mL/h of bleach produced in the coated cuvette). The data shown in Figure   7a give an EC 50 of ≈150 µM for a 50% reduction of zoospore settlement and an EC 50 of ≈200 µM for a 50% reduction in sporeling biomass. These results suggests that bulk hypohalous acid is not responsible for the reduction in zoospore settlement shown in Figure 5 . Peroxide activation of Ti to a peroxotitanium(IV) species (Walker et al. 1997 ) and interaction of that species with halide can present a surface with a high oxidizing potential to discourage zoospore settlement.
Following zoospore settlement, there was no significant difference in 7-day-old sporeling biomass on the TTIP/C8/TEOS surfaces relative to the C8/TEOS control. In the presence of 50 μM hydrogen peroxide, less sporeling biomass was present on the TTIP/C8/TEOS surfaces relative to the C8/TEOS control, which may simply reflect the reduced settlement of zoospores on the TTIP/C8/TEOS surfaces. At 100 μM hydrogen peroxide, the difference between the TTIP/C8/TEOS surface and the C8/TEOS control, while still significant, was reduced.
Enhanced FR characteristics in the presence of H 2 O 2 were observed on the TTIP/C8/TEOS surface relative to the C8/TEOS surface. In the absence of H 2 O 2 , no significant difference in the removal of 7-day old sporelings was observed in comparing the C8/TEOS and TTIP/C8/TEOS coatings (32% removal from each, Figure 6 ). However, the removal of sporelings cultured in the presence of 50 µM hydrogen peroxide was significantly greater from the TTIP/C8/TEOS coatings (52% removal) than from the control C8/TEOS coatings (23% removal (Willey et al. 1999; Yuan and Shiller 2000; Le Bozek et al. 2001; Clark et al. 2008) . Importantly, the titania/silica hybrid xerogels are the first to catalyze the oxidation of chloride with H 2 O 2 and the oxidation of chloride occurs at pH 7.0 and pH 8.0. In seawater, the 500-fold higher concentration of chloride relative to bromide provides a kinetic advantage for the oxidation of chloride.
The findings of this study indicate that replacing TEOS with TTIP in the xerogel formulations has minimal impact on xerogel surface characteristics and that the mixed titania/silica xerogels remain transparent and applicable via a variety of coating techniques. The AF and FR characteristics are observed at pH 8 -the pH of seawater. This approach can be extended to balance AF and FR properties through the use of different loading levels of TTIP, as well as the use of different transition metal oxides (Morey et al. 2000) , and through the use of different organo(trialkoxy)silanes for the coating matrix (Gunari et al. 2011; Sokolova et al. 2012; Sokolova et al. 2012a; Evariste et al. 2013 ). 
